Objective: Nutritional deficiency is an independent risk factor for mortality. Despite its clinical relevance, the prevalence in a primary care setting is poorly documented. We performed a systematic review of reported prevalence and clinical assessment of nutritional deficiency in general practice. Methods: From MEDLINE, Current Contents and EMBASE, we derived articles and checked the initially included ones for references on prevalence data. Of the eligible articles, we assessed the quality of research and results. Results: We finally included eight studies. The prevalence ranged from 0 to 13%. However, the study populations were heterogeneous and all studies contained methodological flaws, especially selection bias. In addition, the clinical assessment differed between studies. Conclusion: Literature on the prevalence of nutritional deficiency within general practice is rare and provides disputable prevalence assessments.
Introduction
In modern Western society, an unbalanced eating pattern has far reaching health consequences (World Health Organisation, 2003) . Obesity, a result of excess dietary energy compared to body expenditure, is well documented and highly prevalent. This is in contrast to nutritional deficiency, which seems to be virtually unrecorded. However, particularly in the chronically ill elderly, the risk of developing nutritional deficiency is substantial (Akner & Cederholm, 2001) .
Unlike the term malnutrition, which implies a wide range of nutritional disorders, including deficiency or excess (or imbalance) of energy, protein and other nutrients (Wahlqvist et al, 1995) , nutritional deficiency specifies undernutrition in early as well as advanced stages.
Implications of nutritional deficiency vary from delayed wound healing (Deitch, 1995; Mathus-Vliegen, 2004) , and deterioration of muscle function (Engelen et al, 1994; Miyagi et al, 1994) to impaired immune function (Field et al, 2002) . Undernourished patients show a higher consultation and prescription rate (Martyn et al, 1998) , longer hospital stays (Naber et al, 1997) , a reduced quality of life (Larsson et al, 1995; Shoup et al, 1997; Mostert et al, 2000) and most importantly an increased mortality risk (Wilson et al, 1989; Ryan et al, 1995; Anker et al, 1997; Schols et al, 1998; Landbo et al, 1999; Sullivan et al, 1999 ). Yet, the prevalence of nutritional deficiency within primary care has not been systematically reviewed.
Particularly, the elderly are less capable of recovering from weight loss Roberts et al, 1994) . Therefore, nutritional deficiency should be treated in its early stages. Primary prevention belongs partly and secondary prevention completely to the domain of primary health care. Furthermore, the general practitioner faces an increasing population 'at risk' for nutritional deficiency. The European population is aging, as a result of a fertility fall and longevity rise. Between 1995 and 2015, the population aged over 65 y is expected to grow by 30%, for the very old (80 þ ), this will be 40%, as a consequence morbidity will rise (European Commission, 1999) . For family practice, the effect of this will be re-enforced by the trend of home care, instead of hospitalisation.
We performed a systematic review to obtain a literature overview of the prevalence and clinical assessments of 'nutritional deficiency' in general practice.
Methods
Inclusion criteria were cohort, cross-sectional, or nutrition surveys concerning prevalence of nutritional deficiency. The subjects studied had to be adults (Z18 y), living in developed countries (North America, Europe, New Zealand and Australia) and recruited from primary health care. We included study populations 'at risk' for nutritional deficiency and all languages of publication. We excluded studies concerning eating disorders as well as studies of which no full report was available (eg abstract or poster).
We developed a sensitive search strategy that combined (key) words for general practice and synonyms, nutritional deficiency and synonyms and study type and epidemiological variables (prevalence or incidence) (Table 1) .
In June 2003 , we searched MEDLINE (1966 ), Current Contents (1996 and EMBASE (1980 Week 25-2003 . Two independent reviewers (CvWa, FvdL) read all titles and/ or abstracts and scored them for eligibility by inclusion and exclusion criteria listed (Figure 1 ). In case of doubt, we read the full contents of the article. We calculated the interreviewer agreement in article selection by kappa statistics. One reviewer (CvWa) checked initially included articles for references on prevalence values. And both reviewers (CvWa, FvdL) assessed possible suitable references and extracted data from all finally included articles by use of a pretested dataextraction matrix.
We determined the quality by the internal and external validity. The internal validity refers to the degree of certainty that the observed results are truthful, and depends on the study methodology. We evaluated selection bias (selection methods and/ or nonresponse bias) and information bias (abstracted data from medical files, interview bias, recall bias and reporting bias). The external validity is the extent to which we can extrapolate the results to the general population. It comprised gender and age distribution of the study population, country, study design, objective, inclusion and exclusion criteria, number of patients and of general practitioners participating.
We compared the studies on the basis of the clinical assessment of nutritional deficiency and external validity.
Results Figure 1 shows the inclusion and exclusion pathways of articles. Searches in MEDLINE, Current Contents Archives/ Weekly and EMBASE yielded 577, 436 and 871 records, respectively. Most articles dealt with obesity and its health effects and were excluded. Initially, we included 24 articles by title and abstract. After further analysis, we excluded 17 articles. The inter-reviewer kappa was 0.68 (95% confidence interval (CI): 0.54-0.83). From the references of the initially included articles, we included one additional study (Wissing & Unosson, 1999) . Articles were excluded because they did not describe prevalence studies (eg narrative reviews) or did not concern a general practice population (eg community dwelling). Table 2 gives an overview of the internal and partly the external validity of the articles included. Within studies, the percentage of males differed from 25 to 100%. The mean age was above 55 y. Description of selection methods in all studies missed important aspects with regard to the study population and/or the general practice characteristics. Furthermore, the participant rate, the number, characteristics and reasons of nonparticipants were not described. Information bias was mainly caused by self-reported data on height and weight or unclear definitions of under-nutrition. Table 3 gives an overview of the external validity and results. Four studies were conducted in the United Kingdom (UK), the others in Denmark, the United States of America (USA) and the Netherlands. Six studies were cross-sectional and two were retrospective. Most articles failed to describe the exclusion criteria, as well as the number of general practitioners participating. The prevalence of nutritional deficiency ranged from 0 to 13% depending on the study population and clinical assessments. Only two studies (Edington et al, 1996; Edington et al, 1997 ) presented a prevalence with CI. There was a large variation in recruitment methods (patients visiting the general practitioner or contacted for research participation), in mean age of the study population and in the presence of comorbidity.
We divided study populations into three groups: (1) ill patients (cancer, chronically ill, postsurgery), (2) elderly population (Z65 y) and (3) a general population. Four studies concerned the ill patients, three the elderly and one the general population.
We classified three categories of clinical assessments of nutritional deficiency: (1) the body mass index (BMI), with/ or without triceps skin-fold thickness (TSF) or mid-arm muscle circumference (MMC), (2) presence of weight loss in time and (3) the Mini Nutritional Assessment (MNA). The BMI was calculated by body weight divided by height 2 (kg/ m 2 ) and the MMC by mid-arm circumference (cm) Â 0.314 TSF (mm). TSF was measured with skin-fold calipers. The MNA is a questionnaire of four categories (a total of 18 questions), concerning anthropometric measurements (eg weight loss), a global assessment (eg questions related to lifestyle), dietary questions (eg number of meals) and a subjective assessment (eg self-perception of health). The calculated score estimates the (risk of) nutritional deficiency.
In four studies, the BMI, with or without TSF or MMC, was used as clinical assessment for nutritional deficiency. The largest study (Martyn et al, 1998) found a prevalence of 13% of nutritional deficiency in chronically ill patients. Another study (Edington et al, 1996) reported prevalences of 8 and 10% in chronically ill and cancer patients, respectively. They combined BMI with TSF or MMC. The same clinical assessment method was applied in patients after major surgery, resulting in a prevalence of 11% (Edington et al, 1997) . One study did not specify the cutoff point of BMI for classifying nutritional deficiency, but reported a percentage of 12% (DeVore, 1993) .
In two studies (Wannamethee et al, 2000; Kruizenga et al, 2003) , weight loss was used to assess the nutritional status. Wannamethee et al (2000) reported unintentional weight loss in 11% of males, but unintentional weight loss was not predefined quantitatively. The other study (Kruizenga et al, 2003) defined undernutrition as weight loss more then 10% in 6 months and 'at risk' between 5 and 10% weight loss. The study was conducted from a dietitians' point of view with patients from several health settings. The general practitioner referred 7% of the patients included, of which a total of 5 or 6% (data not equal in text and table) were undernourished.
Two studies assessed the risk of nutritional deficiency with the MNA; however, the study populations differed. One concerned not acutely ill elderly visiting their general practitioner (Beck et al, 2001) , and the other reported elderly with foot ulcers contacted for research purposes (Wissing & Unosson, 1999) . The prevalence of undernutrition was 0 and 3%, respectively. 
Discussion
Literature on the prevalence of nutritional deficiency in general practice is rare and gives a disputable prevalence assessment. The prevalence ranged from 0 to 13%. Owing to failure to adjust for possible confounders (eg gender-, ageand nutrition-related illnesses) within studies, reported prevalence must be interpreted as crude. The overall quality of the included articles was poor, with selection bias the weakest link. Edington et al (1996) stratified for gender and general practice to compare the chronically ill and cancer patients. Kruizenga et al (2003) reported data concerning patients referred to a dietitian. Hence, these results cannot be interpreted as the prevalence of disease-related malnutrition in primary care setting. This reported prevalence of nutritional deficiency in primary care is low, compared to nursing homes, 10-40% (Fockert, 1991) and hospitals, 20-62% (McWhirter & Pennington, 1994; Naber et al, 1997; Edington et al, 2000) . The general practitioner refers patients for more diagnostics or intensive treatment or care to these care settings daily. This selection partly explains the difference in the prevalence of nutritional deficiency between hospital and primary care.
Although patients in hospital have been studied more systematically, these studies suffer from the same methodological problems. McWhirter et al and Edington et al assessed prevalence of nutritional deficiency on admission, based on BMI and TSF or MMC (McWhirter & Pennington, 1994; Edington et al, 2000) , which were 40 and 20%, respectively. Naber et al (1997) , on the other hand, reported a prevalence of 45, 57 and 62%, according to the Subjective Global Assessment (physical examination and questionnaire), the Nutritional Index (eg calculation formula with blood levels) and the Maastricht Index (eg calculation formula with blood levels), respectively, on admission of (gastro) intestinal patients. The study of Edington et al illustrates the importance of reporting nonparticipation in estimating nutritional deficiency, because nearly half of the patients refused or could not participate. They were too ill and it is likely that many of them suffered from nutritional deficiency.
Studies in the open population show a prevalence of 0-34% with the same clinical evaluations as mentioned in Table 2 (Gregory et al, 1990; French et al, 1995; Beck et al, 1999; Saletti et al, 1999; Perissinotto et al, 2002) . This is more in line with our findings and suggests that the population registered in general practice is comparable to the community.
There is no universal agreement on the definition and clinical assessment of nutritional deficiency and this hampers comparison of studies. This reflects the complexity of the genesis of nutritional deficiency. From a medical point of view, nutritional deficiency results from loss (eg vomiting), decreased food intake/tissue storage (eg protein)/intrinsic production (eg vitamin D) and/or increased demand. Despite these different aetiologies, they all cause measurable adverse effect on body shape/composition/function, and have a negative influence on clinical outcome. For example, an energy intake below 1500 kcal (6.3 MJ) can serve as a definition of inadequate in the elderly (Lowenstein, 1982) , eventually resulting in weight loss. A daily intake of less than 1500 kcal is not only insufficient of macro-but as well as some micronutrients.
The methods for this review were adapted from Cochrane guidelines (Alderson et al, 2004) . However, in contrast to Cochrane reviews, this review concerned prevalence studies instead of randomised clinical trials or controlled clinical trials. Still we aimed to apply similar rigorous methods to minimise observation and selection bias.
We conclude that better quality data on nutritional deficiency, and a clear definition is needed. In order to understand the impact in primary care better. Data must be presented in different gender, age and/or illness categories to establish an accurate prevalence and to identify 'at-risk' populations.
Discussion after Van Wayenburg Kolasa: Could you explain in more detail how the coding was done? The patient who may come to see you gets a diagnostic code? Are you encouraged or paid to do more than one? Because in the USA that would impact how many codes we see. Van Wayenburg: I can only answer that question for myself when I am working in the general practice. I only try to aim at one illness, and to relate most complaints to that illness. But nutrition deficiency or weight loss does need a specific treatment, so it could be an entity on its own, like we discuss also obesity. We say someone has heart disease or cancer, and with that illness comes nutritional deficiency. Helman: I guess that weight loss is seen as a symptom for which another diagnosis would be sought. I think the last thing that would occur to a GP is a nutritional deficiency. Van Wayenburg: If you look at nutritional deficiency as being an independent risk factor for mortality, should we then be more aware to treat it as a separate illness? What do you think?
Helman: If most GPs understood the prevalence of deficiency in hospitals and nursing homes and they understood the impact on morbidity and mortality we would be a long way. Van Wayenburg: So our next question will be in COPD patients to see how many of the patients are nutritionally deficient. That would be maybe good to emphasise it. Pond: Picking up on this from the Australian point of view. We now have a 75 þ y health assessment, and we have a GP version of a scale for being at risk of nutrition deficiency, which includes whether they eat alone, how many meals they eat a day and so on. I think the studies up till now are taken up very well by GPs, but so far we have not been able to prove that they act on this information. And there is no information on what to do. Van Wayenburg: The definition of nutritional deficiency is unclear, and for that reason also not workable in practice. So that is something that we should maybe work on, to make this definition more clear. For example, it has been said that weight and height, BMI should be registered just as blood pressure, but I should say we should also define weight loss in the electronic system, so we get a better picture.
